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In spite of the voluminous literature that has been published on 
carcinoma, and the many researches devoted to this question, it is sur- 
prising to find how few investigators are studying the biochemistry of 
the cancer cell itself, or rather how few articles have appeared on 
this  subject.  The morbid anatomy and the microscopic pathology 
of  the  carcinoma have  been  assiduously  and  thoroughly studied, 
and researches along the less well known lines of parasitology and 
protozo61ogy have been conducted wi,th  an ardor that  is  deserving 
of  better  results  than  have  been  apparent.  Of  late  years,  these 
well worn paths have  been  somewhat deserted,  and  attention has 
been directed to that part of the subject which has to do with the 
chemical activities of  the living cancer  cell. 
That the cancer  cell behaves  differently  from any  other cell of 
the normal organism there can now be no doubt.  Petry (I)  found 
that there was a great increase in'nucleoprotein in carcinoma, which 
he ascribed  to  the  richness  of the gland  in nuclei,  and  in  a  later 
paper  (2)  he was able to show that autolytic changes take place by 
means of which diamino acids, hypoxanthin, lysin, tyrosin, leucin, 
and xanthin were produced.  Beebe  (3)  demonstrated the presence 
of  glycocoll,  leucin,  tyrosin,  tryptophan,  and  in  addition,  found 
pentose in large amounts, also a peculiar carbohydrate which stained 
blue  with  iodin,  but  which,  like  glycocoll,  was  readily  soluble  in 
water.  When  hydrolyzed,  it  stained  red  with  iodin and  reduced 
copper.  Neuberg and Milchner (4) have corroborated the high per- 
centage of pentose in carcinoma.  Wolff  (5)  found in cancer that 
there  was  more  albumin  than  globulin,  while  in  the  majority  of 
n.ormal organs the amounts were about equal. 
Bergell and D/Srpinghaus (6)  discovered that diamino acids corn- 
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prised about one third of the total nitrogen, and that alanin, phenyl- 
alanin, glutaminic acid, and aspartic acid were also present in large 
amounts (5 to Io per cent.).  Most striking was the low proportion 
of leucin  (5 to 6 per cent.), whereas in the normal cell, as high as 
2o per cent. is found. 
Blumenthal  and  Wolff  (7)  suggested  that  autolytic changes  in 
carcinoma might be  due  to  a  different composition  of  the protein 
which renders it more vulnerable to  attack,  and  not necessarily to 
the presence of increased amounts of heterolytic ferments.  In con- 
firmation of this theory, they showed that  cancerous material was 
qul,te  resistant  to pepsin and  was easily broken up by trypsin.  In 
direct  contrast  is  the  reaction of  normal  tissue,  which  is  readily 
digested by  pepsin  and  not  'by  trypsin.  Confirmation  of  this  be- 
havior of cancer toward ferments is given by Neuberg (8). 
That carcinoma can break down not only its own tissue, but can 
also  attack  tissue  quite  foreign t.o  it  has been proven by  Neuberg 
(9)  who  showed  that  autolysis  of  the  lung  is  increased  by  the 
addition of cancer juice.  This  heterolytic  ferment, to  use an  ex- 
pression coined by Jacoby, has never been found in normal organs, 
and Neuberg queries whether the cause of cachexia is to be looked 
for in this ferment.  A  polypeptid-splitting ferment has been found 
in cancer by Neubauer and Fischer (Io), and Neuberg  (Ii)  states 
that tumor juice can break up d-alanyl-glycylglycin to glycocoll and 
d-alanyl-glycin,  while  normally  it  is  broken  up  to  d-alanin  and 
glycylglycin. 
It  is  at  once apparent  .that  the  work 'briefly cited  above  has  a 
very  important  bearing  on  the  cancer  question,  inasmuch  as  the 
presence of a  ferment or ferments which are able to attack albumin 
in  such  a  way must  be  regarded  as  a  grave  menace.  Not  only 
may such a  ferment be a  menace locally, by i,ts slowly progressing 
invasion  of  the  contiguous  normal  tissues,  but  it  is  not  fanciful 
to  suppose  tha.t  under  certain  conditions  it  may  enter  the  blood 
stream,  and  through this  medium exercise its  destructive  function 
on the organs as a  whole.  This destructive function of an hetero- 
lytic  ferment  circulating  unrestrained  through  body  tissues  may 
be  manifested  in  the  rapid  and  extreme loss  of  weight  noted  in 
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Since  the  vital  part  of  any  living  cell  is  its  nucleus,  successful 
attack  directed toward this  not  impregnable  fortress  would,  after 
its annihilation, be  followed by rapid destruction of the remainder 
of the cell.  The nucleus of a  cell is composed for the most part of 
nucleic acid, which, under certain conditions may be readily broken 
down by a  specific ferment, in this  case nuclease.  The task which 
we set  for ourselves was  to  ascertain whether a  nuclease could be 
found in carcinomatous tissue, and if so, what bearing its presence 
might have on the cancer question. 
Material.--Non-ulcerating  mammary  carcinoma~ta  of  women 
were chosen for this work; non-ulcerating in order to avoid bacterial 
contamination, and  from the breast on account of the comparative 
ease with which neoplasms of this organ can be separated from the 
glandular tissue.  As  soon ,as  the material was procured at opera- 
tion  it  was  placed in  the ice  chest,  and  within  twenty-four hours 
work was begun with  it. 
The tumor was carefully separated from the breast tissue, chopped 
into small pieces, and ground to a fine pulp in a meat chopper.  The 
subs,tance was  then put  in a  mortar, thoroughly ground with sand 
and normal salt solution,  and  the juice was  finally expressed in a 
Buchner press.  The resulting cancer juice was measured and made 
up  to  a  definite amount with  salt  solution  and  finally divided into 
four equal portions. 
Preparation  of the Sodium  Salt  of Nucleic Acid.--The  method 
of  Neumann  (12).  was  at  first  followed exactly, and  the yield of 
the  salt  was  most unsatisfactory.  Through  the kindness  of Pro- 
fessor Schittenhelm, the writer was given the benefit of some valu- 
able modifications in technique, by  following which there  resulted 
the easy recovery of large amounts of the acid.  The method which 
proved most satisfactory follows. 
One kilogram of  fresh thymus gland  is  boiled  in  a  weak acetic 
acid solution,  which renders the removal of connective tissue,  fat, 
and blood-vessels a  matter of no great difficulty.  This preparation 
of  the glands,  however,  should  be  carried  out  with  great  scrupu- 
lousness.  After  the  glands  are  as  free  as  possible  from  foreign 
material,  they are  ground  up  in  a  meat chopper,  and  the  pulp  is 
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of a  33  per  cent.  solution .of  sodium hydroxid and  200  grams of 
sodium acetate. 
In Neumann's paper,  it is recommended to boil the solution on a 
water bath  for  one  half  hour,  but,  in  accordance with  Professor 
Schittenhelm's suggestion,  a  large  porcelain  dish  was  used.  The 
above solution was brought to boiling in this dish and the gland pulp 
was put in and thoroughly stirred.  After all the material has gone 
into  solution,  the boiling is  continued  for  fifteen minutes  and  the 
mixture neutralized with 5o per cent. acetic acid. 
This  part  of  the  technique  must  be  conducted  with  extreme 
caution,  and  the  solution  when  properly  neutralized  must  change 
blue litmus  red  and  red  litmus blue.  It  is  far better  to have the 
solution faintly alkaline than faintly acid, for in the latter event the 
subsequent filtering will be  impossible.  When exactly neutralized, 
the material is filtered through a  folded filter in a hot water funnel. 
Everything must  be  kept  hot,  otherwise the  fluid  gelatinizes  and 
cannot be filtered off. 
The clear,  or,  at  most,  slightly cloudy, amber colored filtrate is 
evaporated on a water bath to about 5oo cubic centimeters, cooled to 
5  °0 C.,  and then precipitated with an equal volume of 95  per cent. 
alcohol;  the  sodium  nucleate  settles  in  a  coarse  precipitate.  The 
supernatant alcohol is decanted, the precipitate is repeatedly washed 
with 95 per cent. alcohol, then with absolute alcohol, and finally with 
repeated  changes  of  ether.  It  is  sucked  off,  washed  again  with 
alcohol,  then with  ether,  and  is  finally dried in a  desiccator or on 
heavy filter paper.  From  I,ooo grams of thymus .the yield of the 
sodium salt of nucleic acid by this method is about thirty to thirty- 
five grams. 
Tests with Cancer  Juice.--Four grams of the sodium salt were 
dissolved in IOO cubic centimeters of hot water and allowed to cool. 
One portion of cancer juice was put in a flask containing IOO cubic 
centimeters of a  4  per cent. solution of sodium nucleate  (flask  I) ; 
one portion was  placed  in a  flask by itself  (flask 2) ;  one portion 
was boiled and put in a  flask with a  4  per cent. solution of sodium 
nucleate (flask 3) ; and one portion was boiled and put in a flask by 
itself  (flask 4). 
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were removed from the incubator,  a  few cubic centimeters of con- 
centrated  sulphuric  acid  were  added  to  destroy  any  free  nuclein 
bases, and the mixture was filtered.  To the filtrate was added mer- 
curic sulphate solution  (prepared by dissolving seventy-five grams 
of mercuric oxid in 500 cubic centimeters of a hot 15 per cent. solu- 
tion of sulphuric acid), the precipitate was  filtered off, the residue 
was suspended in water to which hydrochloric acid had been added, 
and the sulphurated hydrogen was passed through the whole.  The 
resulting  precipitate  was  filtered  off,  the  filtrate  was  freed  from 
sulphurated hydrogen by air, and was precipitated with ammoniacal 
silver  solution  (prepared by dissolving twenty-six grams of  silver 
nitrate  in  water,  adding  ammonia  until  the  precipitate  of  brown 
silver  oxid  goes  again  into  solution,  and  then  water  making 
the solution equal to i,ooo cubic centimeters).  The precipitate was 
filtered off,  well washed,  suspended  in  water,  warmed,  and  while 
warm was broken up with hydrochloric acid.  The silver chlorid was 
filtered off, and a  small quantity of sulphurated hydrogen was con- 
ducted through  the filtrate, which was  again filtered.  The filtrate 
was then evaporated to dryness, the residue was taken up in dilute 
hydrochloric acid, filtered, and evaporated to dryness in a  weighed 
platinum  dish. 
Test for Free Nuclein Bases.--After  the dried filtrate from the 
various flasks was weighed, the test for free nuclein bases, as described 
by Burian  (13)  and modified by Pauly  (I4), was made as follows: 
Two grams of finely powdered sulphanilic acid are shaken with three 
cubic  centimeters of  water  and  two  cubic  centimeters  of  hydro- 
chloric acid (concentrated), and in small portions within a minute's 
time a  solution of one gram of potassium nitrite in one cubic centi- 
meter of water is added, the solution being heated after each addi- 
tion.  The  precipitate  of  diazobenzolsulphonic  acid  is  sucked  off 
after a few minutes, and washed with a small amount of water.  To 
the solution to be  tested  is  added  an  excess of  soda  solution  and 
three  to  five cubic  centimeters of  a  freshly made  solution  of  the 
diazobenzolsulphonic  acid.  If  free  bases  are  present,  there  will 
appear within three minutes a dark cherry red color which becomes 
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EXPERIMENT  I. 
In Incubator  for 27 Days. 
Purin bases, 
Flask  I.  5o c.c.  cancer juice with  Io0 c.c.  4  per cent.  sodium nucleate  ....  o.465o 
Flask 2.  5o  c.c.  cancer  juice  ..........................................  o.Io2o 
Flask 3.  50  c.c.  cancer  juice  (boiled)  with  Io0  c.c.  4  per  cent.  sodium 
nucleate  ....................................................  0.0446 
Flask 4.  5o  c.c.  cancer  juice  (boiled).  Not  estimated. 
EXPERIMENT 2. 
In Incubator for 4 Days. 
No.  i.  60  c.c.  cancer  juice  with  ioo  c.c.  4  per  cent.  sodium nucleate  ....  0.5o04 
No.  2.  60  c.c.  cancer  juice  ............................................  o.~3oI 
No.  3.  60  c.c.  cancer juice  (boiled)  ...................................  0.0878 
EXPERIMENT 3. 
In Incubator  for 3 Days. 
No.  I.  50 c.c.  cancer juice with  ioo c.c.  4  per  cent.  sodium  nucleate  .....  o.247t 
No.  2.  5o c.c.  cancer  juice  . ...........................................  o.0884 
No.  3.  50  c.c.  cancer  juice  (boiled) ....................................  o.oi88 
In all  the  tests  given above,  the presence of  free nuclein bases 
was indicated. 
The results of these three experiments offer proof of the presence 
of nuclease in carcinomata.  In the flasks containing sodium nucleate 
and carcinoma juice, a greater amount of the purin bases was present 
than in those containing cancer juice that was allowed to autolyze 
without  the  addition  of  nucleic  acid,  and  these  flasks  contained 
greater amounts of  the  purin  bases  than  the  flasks  in  which  the 
ferments had been destroyed by boiling. 
It must be inferred that while the cancer is still growing in the 
human organism, the nuclease of the cancer is active.  This is indi- 
cated by ,the presence of the purin bases in the flasks  that contained 
boiled cancer juice, for the action of the ferment in the cancer was 
inhibited by cold immediately after the removal of the tumor from 
the body, and the ferment was later destroyed by heat.  The purin 
bases in these flasks  must, therefore, have been produced while the 
tumor was growing on its host. 
The  nuclease continues  its  activities  in  the  incubator.  This  is 
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purin bases in these must represent ,the destruction of the nuclei of 
the carcinoma cells by the ferment (autolysis). 
In the No.  I  flasks,  the quantity of purin bases far exceeded the 
endogenous purins  (No.  3  flasks),  and  the purins  derived by au- 
tolysis  (No. 2  flasks),  and must have come from the nucleic acid 
which had been broken down by the nuclease inherent in the cancer. 
A  diagrammatic  representation  of  the  method of  cleavage of 
nucleoprotein is  here reproduced. 
Nucleoprotein 
/  \ 
Albumin  Nuclein (?) 
/  \ 
Albumin  Nucleic Acid 
When the nucleic acid is attacked, it is probably split as follows: 
Nucleic Acid. 
I  Bases 
Carbohydrates  Phosphoric Acid  Adenin  ] 
]  Guanin 
Pentose  Hypoxanthin 
Xanthin 
Hexose 
Purin 
Bases 
Thymin  } Pyrimidin 
Cytosin  Bodies 
Uracil 
Proof of the carbohydrate split product has been offered by Beebe 
(3)  and Neuberg and Milchner (4). 
Entrance  into  the  blood-stream  of  a  ferment  that  is  able  to 
break down the vital component of a living cell would well explain 
the  rapid  destruction  of  the protein  tissue  of  the organism,  and 
might have some bearing on the appearance of cachexia.  Evidences 
of increased nuclein metabolism are offered by the increase of purin 
bases in the urine of cancer patients  (Brandenburg (I5)  and Blu- 
menthal  (I6),  and  by  the  increase in the amount of phosphates 
(Lewin (I7),  von Noorden  (I8)),  although the former is by no 
means a constant finding (Setti  (I9)).  Phosphates have also been 
found in the stomach washing of cases of gastric carcinoma (Good- 
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Having  found  a  nuclease  in  carcinomatous  tissue,  we  intend  to 
search  for  it  in  the  blood  and  urine  of  patients  suffering  from 
cancer,  and  in  the  gastric  secretion  of  cases  of  gastric  neoplasms. 
Should nuclease be at all concerned in the malignancy of carcinoma, 
injection of it into tumors  should has.ten their growth,  and  perhaps 
its injection  into lower animals might reveal phenomena bearing on 
the  cancer  question. 
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